Sugar-sweetened beverages (SSBs) are one of the largest added sugar sources to diets in the UK and USA, particularly among young people. Warning labels, including calorie information labels, could reduce SSB consumption but uncertainty surrounds the labels that are most effective. This study assessed the impact of labels containing (a) each of two image-based warnings and (b) calorie information, singly and together, on SSB selection by parents of 11-16-year-olds living in the UK. Using a 3 (disease image, sugar content image, no image) × 2 (calorie information, no calorie information) between-subjects experimental design, 2002 participants were randomised to see beverages with one of six labels and selected one for their child to consume. The primary outcome was the proportion of participants selecting an SSB. Data were collected in December 2017. Logistic regressions showed SSB selection was lower when labels contained an image-based warning (35%), compared to not having any label (49%) or just calorie information (43.5%). The disease image lowered selection more than the sugar image (32% vs 40.5%). Providing calorie information with the disease image had no additional impact on selection (33%) but enhanced the impact of the sugar image (36%). Image-based warning labels discourage SSB selection by parents for their children. Images depicting health consequences of excess sugar consumption have larger effects than those depicting sugar content. Calorie information does not add to the effect of the former but does to that of the latter. Field studies are needed to assess the impact of SSB warning labels in real-life settings.
. One potential intervention, considered by a number of cities in the USA, including San Francisco, New York and Washington (Samuel, 2016) and highlighted in the UK Government's 2016 Childhood Obesity Strategy (HM Government, 2016) , is the use of warning labels on SSBs. Evidence for the impact of warning labels comes from their use on tobacco products, which suggests that both text-and image-based warnings can affect a range of effectiveness outcomes, including cessationrelated behaviours (Hammond et al., 2006; Borland and Hill, 1997; Borland, 1997; Hammond et al., 2004; Hammond et al., 2003; Ngo et al., 2018) . Image-based labels appear to exert greater effects Noar et al., 2017; Noar et al., 2016; Noar et al., 2015; Evans et al., 2015; Romer et al., 2017; Evans et al., 2018) , being more noticeable and eliciting greater negative emotional reactions than textonly labels (Evans et al., 2015; Romer et al., 2017; Hammond et al., 2007; Magnan and Cameron, 2015; Hall et al., 2017) . Indeed, the most effective labels are those which include images that elicit a strong negative emotional response (Hammond et al., 2006; Hammond et al., 2004; Hammond et al., 2003; Cho et al., 2017; Nonnemaker et al., 2014) .
Comparatively little evidence exists on the impact of warning labels on food or beverages. Findings from the few studies conducted in this area suggest that when used on food products, warning labels can increase dietary self-control (Rosenblatt et al., 2018) , reduce appetite, decrease intentions to consume and purchase labelled products (Ares et al., 2018; David et al., 2018) and promote healthier food purchasing (Mhurchu et al., 2018; Neal et al., 2017) . Similarly, when used on alcoholic beverages, warning labels can slow consumption (Stafford and Salmon, 2017) and reduce intentions to drink (Wigg and Stafford, 2016) . Their use on SSBs also shows promise. The findings from a recent simulation study suggest that implementing warning labels, whether text or image-based, on SSBs across all retailers could reduce obesity prevalence among adolescents (Lee et al., 2017) . Text-based labels can improve understanding of the health harms associated with SSBs overconsumption and may reduce the selection of such drinks (Bollard et al., 2016; Gray et al., 2011; Vanepps and Roberto, 2016) , including by parents choosing beverages for their children . Consistent with prior research on the use of warning labels on tobacco products, image-based labels on SSBs, including labels that illustrate the health consequences of excess sugar consumption (Bollard et al., 2016) and those illustrating sugar content (Adams et al., 2014) , appear superior than text-based labels, having been shown more effective at reducing intentions to purchase SSBs and preferences for SSBs (Bollard et al., 2016; Adams et al., 2014) . Further research, however, is needed to elucidate the types of images that could be most effective.
Recent evidence suggests that compared to not having any labels, labels with images illustrating sugar content and those with images illustrating the health consequences of excess sugar consumption both reduce SSB selection in young adults (Billich et al., 2018) . Although the latter appears to have a greater effect, the two types of images have not been directly compared against each other to determine whether they exert differential impacts. Based on evidence from the use of warning labels on tobacco products, it is predicted that the most effective SSB labels will be those that use images that elicit the most negative reactions. The impact of each image type on negative emotional arousal and whether this mediates observed effects on selection is currently unknown. Images that elicit strong negative reactions might be considered less acceptable by consumers and policy makers. As an intervention's acceptability could have implications for its implementation (Diepeveen et al., 2013) , identifying images that are both acceptable and effective is important. There is a need, therefore, to also address the lack of evidence regarding the impact of different types of image-based warnings on acceptability.
Another type of label that has been recommended by the Word Health Organisation (WHO, 2014) for facilitating healthier purchasing and consumption choices, are labels comprising nutritional information, including energy content (calories). Although the evidence regarding the impact of labelling single food or drink options, such as soft drinks, with nutritional information is inconclusive (Crockett et al., 2018) , labelling comprising energy information on menus or adjacent to products has the potential to change people's choice at point of selection and consumption (Crockett et al., 2018) . This is consistent with findings showing that calorie information may reduce selection and consumption specifically of SSBs (Bleich et al., 2014; Bleich et al., 2012) . Taken together, these findings highlight both the promising use of labels on calorie information and the need for further research in this area. The additive effect of combining calorie information with warnings on labels also requires exploration.
The present research aims to identify the labels with the greatest potential to affect SSB selection and thereby consumption. The primary aim is to assess the impact on SSB selection of: i) each of two imagebased warning labels, one depicting an adverse health consequence of excess SSB consumption, and one depicting sugar content; and ii) calorie information labels. Secondary aims are to assess (a) the impact of each label on perceptions of SSBs and acceptability of using the different labels on SSBs; and (b) the mediating role of negative emotional arousal on the impact of labels on SSB selection.
Methods

Design
The study was conducted online with the Qualtrics software, using a 3 (image-based warning label) × 2 (calorie information label) betweensubjects factorial design. Participants were randomised to one of six possible groups (Box 1).
Participants
Participants were 2002 parents of children aged 11-16 years living in the UK, with a total household SSB consumption of at least 500 ml each week, recruited via a market research agency. Fig. 1 shows the flow of participants through the study and Table 1 their characteristics across groups.
Based on previous research , the expected difference in the proportion of parents selecting an SSB between those allocated to a control group and those allocated to a warning label group was 12.9% (control = 53.3% vs warning labels = 40.4%). It was possible to recruit a sample size of approximately 2000 (333 participants per group). This allowed a proportion to be estimated with a precision (i.e. a 2-sided 95%CI) of a least ± 0.054, thus differences of at least 10.8% between proportions to be detected, and be more than sufficient to accommodate logistic regression analyses (Peduzzi et al., 1996) .
Interventions (a) Image-based warnings
The labels used in the study were chosen based on the results of a pilot study, which aimed to identify the images eliciting the highest levels of negative emotional arousal. The pilot study was conducted online using a within-subjects design, in which 1002 parents viewed 11 different image-based warning labels presented on cola bottles in counterbalanced order. Seven labels included images of the health consequences of excess sugar consumption (disease image labels) and four labels included images illustrating sugar content (sugar content image labels). Each image was followed by questions to assess negative emotional arousal, rated on a 1-7 scale. Disease image labels resulted in overall significantly higher levels of negative emotional arousal (disease: M = 5.00, SD = 1.42; sugar content: M = 3.96, SD = 1.70), F (4.31, 4313) = 320.93, p < .001). The images eliciting the highest levels of negative emotional arousal within each label category were used in the main study: i) Disease image label: an image of rotting teeth alongside the caption "Excess sugar intake causes dental decay" (M = 5.61 SD = 1.50); ii) Sugar content image label: an image depicting a teaspoon of sugar accompanied by the number of teaspoons contained in the SSB, alongside the caption "There are x number of teaspoons of sugar in this bottle" (M = 4.14, SD = 1.89).
More information on the methods, including the images used, and results of the pilot study can be found in the Supplementary data (Appendix A).
(b) Calorie information
This comprised the number of calories contained in each drink. The number was shown using numerals in black font against a white background and placed at the front right bottom corner of the container. The volume of each drink was kept constant (500 ml). In groups containing calorie information on the label, all drinks, including both SSBs and non-SSBs, showed calorie information per bottle.
See Box 1 for examples of the labels used in the study.
Outcomes
Primary
• Proportion of participants selecting an SSB in the vending machine task (see Procedure)
Secondary
Perceptions of SSBs (See Appendix B, Table S5 , Supplementary data for relevant questions)
• Negative emotional arousal • Perceived risks of drinking SSBs • Acceptability of introducing image-based label and/or calorie information label on SSBs
Procedure
Ethical approval for this study was granted by the Cambridge Psychology Research Ethics Committee (PRE.2017.049). After consenting to participate, participants were requested to complete screening questions. Eligible participants were subsequently asked questions regarding their demographic characteristics (gender, age, ethnicity and education level) and preferred type of SSB. In order to ensure that images were clearly visible, the study had to be completed on a computer-sized screen. Inattentive participants were screened out via an attention check question and sampling continued until the quota was filled. All participants who successfully completed the study were debriefed and reimbursed for their participation. Data were collected in December 2017.
Vending machine task
After completing the screening and demographic questions, participants were randomised to one of six groups (Box 1). All participants simultaneously viewed images of 18 drinks presented in random order (12 SSBs and 6 non-SSBs). Participants were asked to imagine they were looking at drinks in a vending machine and were about to select one for ⁎ Images are for illustrative purposes only. Images of a range of branded drinks were used. their child. Depending on their allocated group, SSBs either had no warning label, or one of two warning labels and all drinks had either no calorie information or a calorie information label.
Perceptions and acceptability
Following completion of the 'vending machine task', participants viewed an image of a cola bottle with or without a label depending on their allocated group, and were asked to answer questions relating to their perceptions of SSBs and label acceptability (See Supplementary data -Appendix B Table S5 ). Participants could not proceed without answering all questions.
Statistical analyses
Descriptive proportions of SSB selection with normal approximation 95%CI were calculated using SPSSv25 (Corp, 2017) . Logistic regressions were performed to assess the odds of selecting an SSB in each group. Each experimental group was compared against each of the other groups, by varying the reference group and repeating the analysis (i.e. in total six logistic regressions were performed).
For continuous outcomes, normality was assessed through inspection of QQ plots and the randomness of residuals. Linear regressions were conducted for outcomes where minimal deviation from the QQ plot line was observed (negative emotional arousal). Where some deviations from normality were observed, robust regressions to gain parameter variances were performed (acceptability, perceived risks). Exploration of the histogram for perceived health risk scores revealed an edge peak distribution with high frequency in those scoring 7/7. Adding those individuals as a separate predictor improved the model. To compare the outcomes in each group against each of the other groups, linear/robust regressions were repeated, by varying the reference group.
Mediation analyses were conducted to assess the mediating role of negative emotional arousal on SSB selection.
Results
Descriptive information regarding the outcomes according to each group can be seen in Table 2 .
Impact on SSB selection
Compared to the control group use of all image-based warning labels decreased the odds of selecting an SSB (disease image: OR = 0.493; 95%CI = 0.360, 0.675; disease image with calorie information; OR = 0.499; 95%CI = 0.3604, 0.685; sugar content image: OR = 0.701, 95%CI = 0.516, 0.953; sugar content image with calorie information: OR = 0.575; 95%CI = 0.422, 0.784), There was no significant difference in SSB selection between the control group and calorie information group (OR = 0.794, 95%CI = 0.584, 1.079). Compared to calorie information alone, use of all labels, apart from the sugar content label, decreased SSB selection. The disease image label was superior at decreasing the odds of SSB selection compared to the sugar content image label (OR = 1.422, 95%CI = 1.038, 1.948) but not the sugar content plus calorie information label. Adding calorie information to the disease image did not have an additive effect. Adding calorie information to the sugar content image was not more effective than the sugar content label alone but was more effective than using calorie information alone (OR = 0.724, 95%CI = 0.531, 0.988). (Table 3) .
Impact on perceptions of SSBs
Negative emotional arousal
Compared to the control group, all labels significantly increased levels of negative emotional arousal (calorie information: OR = 0.516, 
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Group 2 n=331
Group 3 n=340
Group4 n=328
Group 5 n=336
Group 6 n=338 Fig. 1 . Flow of participants through study.
E. Mantzari et al. Preventive Medicine Reports 12 (2018) a There were no statistically significant differences between groups in any of the participant characteristics. Randomisation to experimental groups was therefore successful. b Participants were asked: "What amount of sugary drinks (e.g. non-diet drinks: regular cola, non-diet squash, sports drinks etc) in total does your household consume in an average week?" c Participants were asked: "What type of sugary drink do you most often drink in your household? Please choose from the list below". information: OR = −0.525; 95%CI = −0.788, −0.267). Adding calorie information to the disease image resulted in less negative emotional arousal than the disease image alone (OR = 0.294; 95%CI = 0.032, 0.557) but not compared to both sugar content image labels. Adding calorie information to the sugar content image had no significant impact on negative emotional arousal (Table 2; Table S6 , Appendix B, Supplementary data). (Table S6 , Appendix B, Supplementary data).
Perceived risks of drinking SSBs
Acceptability of labels
Compared to the control group, all labels resulted in significantly higher levels of acceptability (calorie (Table S6 , Appendix B, Supplementary data).
Mediating effect of negative emotional arousal
Negative emotional arousal mediated the effect on SSB selection of the disease image label when compared to both the control (Z Sobel = −2.25, p = .024) or calorie information label (Z Sobel = −2.57, p = .01). It did not mediate the effect on SSB selection of the disease image with calorie information, nor labels with sugar content images (both with and without calorie information) when compared to the control or calorie information labels. No mediating effect was found when contrasting the impact of labels containing calorie information alone when compared to the control.
Discussion
Addition of an image-based warning label on SSB packaging reduced selection of SSBs by parents choosing a beverage for their children, compared to not having any label or just having calorie information. The disease image label was superior at reducing SSB selection when compared to the sugar-content label. Addition of calorie information to the disease image did not have any additive effect on reducing SSB selection. The sugar content image label was not better than calorie information alone at reducing SSB selection but addition of calorie information improved its effectiveness.
The findings from this study are consistent with evidence regarding the efficacy of aversive images for discouraging unhealthy dietary choices (Hollands and Marteau, 2016; Hollands et al., 2011) , as well as prior findings of the few studies on the use of warning labels on SSBs (Lee et al., 2017; Bollard et al., 2016; Gray et al., 2011; Vanepps and Roberto, 2016; Roberto et al., 2016) . The effect size of warning labels overall on SSB selection is similar to that obtained in the previous research based on which this study was powered . Research on the use of warning labels on tobacco products suggests that the most effective labels are those which include images that elicit a strong negative emotional response (Hammond et al., 2006; Hammond et al., 2004; Evans et al., 2015; Romer et al., 2017; Hammond et al., 2007; Magnan and Cameron, 2015; Hall et al., 2017; Cho et al., 2017; Nonnemaker et al., 2014) . Consistent with this, in the present study, the disease image label, was more effective than the sugar content image label at reducing SSB selection, an effect mediated by elicitation of higher levels of negative emotional arousal. One explanation for this is that the threat was more explicit with the disease image label. Indeed, this label also elicited the highest levels of perceived risk of drinking SSBs. With the sugar content image label, individuals needed to process the sugar content information and link it with their knowledge of the adverse health consequences of high sugar consumption. It is possible that some individuals may not have fully comprehended the extent of the consequences of sugar consumption, thus perceiving the high sugar content of SSBs as less of a threat compared to directly being told of the negative health consequences. This is consistent with the present findings showing that although the sugar content image labels elicited higher levels of negative emotional arousal compared to not having any label or calorie information alone, this did not mediate their effect on SSB selection. The addition of calorie information improved the effectiveness of the sugar content image label perhaps by providing an additional cue for the 'unhealthiness' of the product, one that is generally well understood (Van Kleef et al., 2008) . The findings further suggest that apart from improving the impact of sugar content image labels, calorie information alone did not influence SSB choice. This is consistent with the findings of a recent study, which found that calorie labels did not affect SSB selection and implies that current efforts to place nutritional information on beverages may have little influence. Calorie information might even have unintended effects when used in combination with some warning labels. In the present study, when added to the disease image, calorie information resulted in less negative emotional arousal and reduced perceived risks of drinking SSBs. Visual distractions, including perceptual and cognitive tasks, have been shown to interfere with affective reactions to aversive images (Blair et al., 2007; Hajcak et al., 2007; McRae et al., 2010; Schupp et al., 2007; Van Dillen et al., 2009) . It is possible, therefore, that in the present study, the calorie information might have distracted participants, thus preventing them from developing an emotional reaction towards the warning label and processing the associated risks.
Although more effective at reducing SSB selection by parents, the disease image label was considered less acceptable than the sugar content image and calorie information labels in the present study. This is consistent with evidence showing that the more effective interventions are often the least acceptable (Diepeveen et al., 2013) . The lower levels of acceptability were most likely related to the graphic nature of the image, which was chosen to elicit high levels of negative emotional arousal, including disgust and discomfort. As successful intervention implementation depends in part on its acceptability by the public and policy makers (Diepeveen et al., 2013) , identifying labels that are both effective and acceptable is important. In the present study the most acceptable label involved the sugar content image in combination with calorie information. The acceptability of using disease image labels on SSBs, such as the one used in the present study, should be explored further with more extensive populations, preferably in more realistic settings. It is worth noting, however, that although the disease image label was rated as less acceptable than other labels, it was considered more acceptable than not having any label. This mirrors recent findings showing support for a policy to place warning labels on SSBs (Vanepps and Roberto, 2016; Roberto et al., 2016) and is consistent with evidence that labelling intervention for SSBs are typically better supported by the public, at least compared to more intrusive policies such as taxation (Gollust et al., 2014) .
The research presented herein builds on the limited evidence on the use of warning labels on SSBs. It is the first and largest to our knowledge to directly compare the impact of different types of image-based labels on selection of SSBs, their additive effect with calorie information, as well as their impact on negative emotional arousal, thus providing valuable insight into the types of images and labels that might be most effective for reducing SSB consumption. It also contributes to the limited evidence regarding the public acceptability of warning labels on SSBs and is the first study to assess such support in a UK-based population sample.
The use of warning labels on SSBs is considered by UK and US governments as a possible intervention to tackle excess sugar consumption. The findings from this study have the potential to inform policy discussions on the design, effectiveness and acceptability of such labels. The study, however, has some limitations that compromise the breadth of the conclusions that can be drawn. First, as it was conducted online using a hypothetical scenario, it remains unclear whether similar results would be obtained in real-world settings. Furthermore, although the study sample was large, it consisted primarily of highly educated, White parents making a drink selection for their children. It remains unclear whether the findings are applicable to populations with varying demographics, including those of lower socioeconomic status. Further research is needed to examine the generalisability of the findings to more naturalistic settings, using more varied populations, and assessing the impact of warning labels on actual purchasing and consumptionrelated behaviours.
In conclusion, image-based warning labels, especially those illustrating the health consequences of excess sugar consumption, have the potential to reduce the selection of SSBs by parents for their children. Although labels conveying calorie information do not appear to influence choices when presented on their own, or when added to disease image labels, they can increase the impact of image-based warning labels depicting sugar content. Further research in the form of field studies is needed to assess the impact of labels containing image-based warnings and calorie information on SSB selection and consumption in real-life settings. 
Funding source
Contributors' statement
Dr. Mantzari, contributed to conceptualising and designing the study, was responsible for preparation of the study materials and collecting the data, contributed to the analysis and interpretation of the data and prepared the initial manuscript. Dr. Vasiljevic contributed to conceptualising and designing the study, was responsible for preparation of the study materials and collecting the data, contributed to the analysis and interpretation of the data and reviewed and revised the manuscript. Ms. Turney contributed to preparation of the study materials, collection and analysis of the data and reviewed and revised the manuscript. Dr. Pilling was responsible for analysis of the data and reviewed and revised the manuscript. Prof Marteau contributed to conceptualising and designing the study and reviewed and revised the manuscript. All authors approved the final manuscript as submitted and agree to be accountable for all aspects of the work.
developer, photographer and photo-editor, for his help in creating the images used in this research.
Supplementary data
Supplementary data to this article can be found online at https:// doi.org/10.1016/j.pmedr.2018.10.016.
